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摘  要 
维甲酸类化合物对细胞的增殖与分化具有重要的调节作用，主要通过激活




















































Retinoids and its natural or synthetic derivatives are important regulators of cell 
proliferation and differentiation in a diverse array of tissues. These small molecules 
exert their effects by activating retinoic acid receptors (RARs) and retinoid X 
receptors (RXRs), which act as ligand-dependent transcription factors. The RARs 
form heterodimers with the RXRs and recruit a variety of nuclear receptor 
co-regulators to regulate downstream target genes in response to various ligands. 
RAR ligands slow or arrest the growth of many transformed cell lines and have been 
used as therapeutic agents for various cancers, such as acute promyelocytic 
leukemia(APL). Unfortunately, adverse side effects limit further development and 
clinical application of retinoids and retinoid-based RAR ligands. RA-based 
chemotherapy is further hampered by the development of RA resistance, which arises 
in a variety of cancer cells. Consequently, a new drug design strategy for RAR ligands 
distinct from retinoids may yield more efficacious RAR-targeted drugs with less 
adverse effects. 
 
To search for novel ligands that activate RARs, we screened chemical libraries based 
on the Alpha screen biochemical assay. The results revealed luffariellolide as a 
positive RARα activator. The marine natural product luffariellolide is a sesterterpene 
that was found in sponges of both Luffariella sp. and Fascaplysinopsis. The chemical 
structure of luffariellolide shows a unique γ-hydroxybutenolide ring terminus instead 
of a carboxylic acid moiety of retinoids. Luffariellolide showed agonist property on 
RARα by selectively inducing its transcriptional activity. Moreover, luffariellolide 
also activated the transcriptional activity of RARβ and RARγ, suggesting 
luffariellolide as a pan-RAR agonist. To further assess the roles of luffariellolide in 
the physiological function of RARs, we studied the effects of luffariellolide on the 

















inhibited the growth of cancer cells and also increased the population of cells in G1 
phase. One big challenge that limits the use of RAR ligands for cancer therapy is the 
development of RA resistance in various types of cancer cell lines. We next 
investigated the ability of luffariellolide to inhibit cell growth on RA-resistant colon 
cancer cell line HCT 116. Surprisingly, the growth of HCT 116 cells was substantially 
inhibited by the treatment of luffariellolide, but not ATRA, suggesting a potential 
advantage of luffariellolide over ATRA in treating cancer cells.  
 
In summary, we reported here the identification of a natural marine product that 
activates RARs with a unique antiproliferative activity. Luffariellolide represents a 
novel scaffold for RAR ligands characterized by a γ-hydroxybutenolide ring terminus 
compared to a carboxylic acid for retinoids. The unique characteristics of the 
γ-hydroxybutenolide ring may represent a new pharmacophore that can be optimized 
for selectively targeting RARs. More importantly, this natural RAR agonist also 
showed activity in RA-resistant cancer cells. Taken together, the identification of 
luffariellolide as a novel RAR agonist may provide an alternative drug design strategy 
for non-retinoid compounds with advantages over current retinoic acid drugs. 
 





























共有48种核受体，如表 1-1所示，主要分为经典核受体（Classic Nuclear Receptor），
被领养的孤儿核受体（Adopted Orphan Receptor）与孤儿核受体（Orphan Nuclear 
Receptor）。经典核受体例如雄激素受体（Androgen Receptor, AR）、雌激素受体




（Nerve Growth Factor-induced Gene B, NGFI-B）。随着研究的逐步深入，部分孤
儿核受体的配体被发现或者由人工合成。对于这样的核受体我们形象地称之为被
领养的孤儿核受体，例如过氧化物酶体增殖物激活受体（Peroxisome Proliferator 

















表 1-1 核受体的分类[8] 
Table 1-1  Classification of nuclear receptors
[8]
 
经典核受体 “被领养的”孤儿核受体 孤儿核受体 
AR 
































会以核受体的 DNA 结合域（DNA Binding Domain, DBD）和配体结构域（Ligand 
Binding Domain, LBD）的同源性为依据，对核受体进行了系统分类，规范了核
受体的命名。通过“A Unified Nomenclature System for the Nuclear Receptor 
Superfamily”规定：核受体以 NRxyz 来命名，NR 代表核受体，x 代表核受体的








从 N 端到 C 端依据结构域和功能依次分为 A/B 区域，C 区域，D 区域，E 区域
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